Abstract To compare the long-term outcome of women with primary or locally advanced breast cancer randomised to receive either doxorubicin and cyclophosphamide (AC) or doxorubicin and docetaxel (AD) as primary chemotherapy. Eligible patients with histologic-proven breast cancer with primary tumours C3 cm, inflammatory or locally advanced disease, and no evidence of distant metastases, were randomised to receive a maximum of 6 cycles of either doxorubicin (60 mg/m 2 ) plus cyclophosphamide (600 mg/m 2 ) i/v or doxorubicin (50 mg/m 2 ) plus docetaxel (75 mg/m 2 ) i/v every 3 weeks, followed by surgery on completion of chemotherapy. Clinical and pathologic responses have previously been reported. Time to relapse, site of relapse, and all-cause mortality were recorded. This updated analysis compares long-term disease-free (DFS) and overall survival (OS) using stratified log rank methods. A total of 363 patients were randomised to AC (n = 181) or AD (n = 182). A complete pathologic response was observed in 16% for AC and 12% for AD (P = 0.43). The number of patients with positive axillary nodes at surgery with AC was 61% and AD 66% (P = 0.36). At a median follow-up of 99 months there is 
no significant difference between the two groups for DFS (P = 0.20) and OS (P = 0.24). Deaths were due to metastatic breast cancer in 96% of patients. Our data do not support a clinical benefit for simultaneous administration of AD compared with AC. However, the data do not exclude a smaller benefit than the study was powered to detect and are consistent with an increase in both diseasefree and overall survival of about 5% for AD compared with AC. Outcome is consistent with the pathologic complete response following surgery.
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Introduction
We have previously reported on the clinical and pathologic response rates for patients with large primary, inflammatory, or locally advanced breast cancers receiving a combination of doxorubicin with cyclophosphamide (AC) compared with doxorubicin and docetaxel (AD) as primary medical therapy [1] . The rationale for this study was based on the increasing use of primary chemotherapy in women with locally advanced or large primary (C3 cm) breast cancers with the aim of reducing the size of the primary tumour. This had been shown to increase the rate of breast conservation surgery and to avoid the need for mastectomy in selected patients. The hypothesis was also that there may be an improvement in DFS and OS by abolishing micrometastatic disease [2, 3] . High response rates (60-90%) had been reported with primary chemotherapy in large operable breast cancers, suggesting that early breast cancer is clinically more chemo-sensitive than metastatic disease [4] [5] [6] [7] . Furthermore, improved outcome (overall survival) is related to higher clinical and pathologic response rates to primary chemotherapy [6] [7] [8] [9] [10] .
Various chemotherapy regimens have been used as primary chemotherapy in women with breast cancer. Most regimens incorporate an anthracycline which generally produce an overall objective clinical response in over twothirds of patients and a pathologic complete response (pCR) rate of 10-15% [5, 11] . At the time of development of this study, docetaxel had been shown to have significant activity in patients with metastatic breast cancer, including those patients with anthracycline-resistant disease [12, 13] . The single-agent activity of docetaxel and of the anthracyclines, and the absence of complete cross-resistance between them, provided a rationale to develop these drugs in combination in patients with breast cancer [14] . Furthermore, AD gave superior response rates and time to progression, but not superior OS, compared with AC as first-line chemotherapy in patients with metastatic breast cancer. This was published shortly after recruitment into our study was completed [15] .
We previously reported a trend towards a superior clinical response rate with AD compared with AC which did not reach statistical significance, and also did not show an advantage of AD over AC in terms of the pathologic response rate. However, at the time of reporting, the median DFS and OS had not been reached. We now report the outcome of these patients after a median follow-up of 99 months.
Methods

Patient eligibility
This was a phase III, multicentre, randomised trial involving 23 centres in the UK, Ireland and Belgium. The Local Research Ethics Committee of each participating institution approved the study, and all patients gave written, informed consent before any study-related procedures were performed.
Eligible patients were women with histologic-proven (core biopsy) breast cancer with large primary (C3 cm) tumours, inflammatory breast cancer, or locally advanced disease who were considered to be candidates for primary chemotherapy prior to surgical intervention. All patients were required to have adequate performance status (ECOG B 1), adequate haematologic (Hb C 9 g/dl; absolute neutrophil count C 1.5 9 10 9 /l; and platelets C 100 9 10 9 /l), renal (serum creatinine within normal limits), and liver (AST, ALT, and alkaline phosphatase all B1.5 9 upper limit of normal, and bilirubin within normal limits) function and to have no evidence of metastatic disease. Patients were excluded from the study if there was any evidence of active cardiac disease, prior history of malignancy other than basal cell carcinoma of the skin or in situ cancer of the cervix.
Study design
All patients had initial chest radiography, electrocardiogram, full blood count, and assessment of renal and liver function prior to study entry. Additional investigations were performed in line with local policy. Patients were stratified according to operability and according to participating centre, and randomised to receive up to a maximum of six cycles of AD or AC. Patients were eligible for the study if they had inoperable disease that might be rendered operable following a good response to primary chemotherapy, or if they were operable but required a mastectomy and desired down-staging to enable breast conserving surgery.
On completion of chemotherapy patients underwent surgery, including axillary node dissection, with the choice of surgical procedure for local control of the primary lesion at the discretion of the surgeons at the participating centre. If a patient had a clinical or radiologic complete response and the investigator determined that no surgery was required then the patient was referred for radiotherapy. Post-operative radiotherapy and tamoxifen were administered as appropriate based on existing management guidelines.
Chemotherapy treatment
Chemotherapy consisted of either (a) intravenous bolus injections of doxorubicin (60 mg/m 2 ) and cyclophosphamide (600 mg/m 2 ) both administered every 3 weeks (AC); or (b) intravenous bolus injection of doxorubicin (50 mg/ m 2 ) and docetaxel (75 mg/m 2 ) administered as a 1-h intravenous infusion, with both drugs being given every 3 weeks (AD). The doses of AD were based on the preliminary recommendations available from the (then unpublished) dose-finding study of this combination in first-line treatment of patients with metastatic breast cancer [14] . The doses of AC were those used in primary chemotherapy studies in breast cancer at that time, both in the USA [16] and UK [17] . Prophylactic antibiotics were given to reduce the risk of neutropenic sepsis with AD. The details of the chemotherapy administration including criteria for dose delays and reductions have been reported previously [1] .
Tumour response and outcome measures
Clinical and pathologic tumour response evaluation together with details of dose intensity have also been described previously [1] and are summarised in ''Results''.
Statistical methods
The primary endpoint of this study was the overall clinical response rate to primary chemotherapy. Response rates and nodal status were compared between the two treatment groups using the v 2 test, excluding unknown values. Confidence intervals for proportions were calculated using the normal approximation to the binomial distribution.
DFS was defined as the time in months from randomisation to first recurrence. If no recurrence was recorded but the patient had died from breast cancer then DFS was defined as the time to death. If no recurrence was recorded and the patient had died from causes other than breast cancer then DFS was censored at the date of death. If no recurrence was recorded and the patient had not died then DFS was censored at the date that the patient was last seen alive.
OS was defined as time in months from randomisation to death from any cause. If the patient had not died then OS was censored at the date that the patient was last seen alive.
DFS and OS were compared using log rank tests stratified by operability. Kaplan-Meier survival curves were plotted, and the 5-year DFS and OS were calculated along with corresponding 95% confidence intervals. Details of sites of relapse (local only, local and distant, distant) and cause of death (whether or not due to breast cancer; other cause if not due to breast cancer) were recorded for all patients. A Kaplan-Meier analysis of recurrence and death in relation to nodal status, pathologic complete response (pCR), and oestrogen receptor (ER) status was performed to establish consistency of this patient group with the literature. A Cox regression analysis was also performed to enable a comparison of treatments adjusting for prognostic variables (oestrogen receptor status, nodal status and type of chemotherapy).
The sample size was determined as 350 patients to provide 90% power at the (one sided) 5% significance level of detecting an improvement in the clinical overall response rate from 70 to 84% (a relative improvement of 20%) with the combination of AD. The study has 80% power for detecting a 15% difference in DFS and a 14% difference in OS. All patients were analysed according to the intention to treat.
Data were collected and managed by the Information and Statistics Division (NHS Scotland) Clinical Trials Team (Edinburgh, UK). All analyses were performed by the Study Statistician (Ann Yellowlees, Helen Brown; Quantics Consulting Ltd, UK), independently of the investigators.
Role of the funding source
The study design was approved by the Anglo-Celtic Cooperative Oncology Group. The funding supported the running of the study through the Edinburgh Clinical Trials Unit and a per-patient fee to the hospital recruiting the patient. The funding source had no role in collection, analysis, interpretation, or the writing of the manuscript.
Results
A total of 363 patients were enrolled in this study between January 1999 and February 2002. One hundred and eightyone patients were randomised to receive AC and one hundred and eighty-two patients to receive AD. The patient characteristics and the management following chemotherapy have been reported previously [1] and are summarised in Table 1 . The median tumour size at presentation was 6 cm.
Clinical and pathologic response
The clinical and pathologic response rates have been reported [1] . The pathologic complete response rate in the breast (pCR breast) was 24 and 21% for AC and AD, respectively (P = 0.61). Of note, there were 27 patients with pCR in the breast who had involvement of axillary lymph nodes by invasive carcinoma (AD = 14, AC = 13). Consequently, the true pCR rates as defined by the absence of any invasive carcinoma in both the breast and the axilla were 16 and 12% (P = 0.43) for AC and AD, respectively. Conversely, 61 and 66% of patients who received AC and AD, respectively, were node positive after chemotherapy (P = 0.36).
Chemotherapy details
The chemotherapy details, including toxicity, have also been reported previously [1] . In summary, a mean of 5.5 cycles was received by both the groups and similar number of patients received less than the maximum of 6 cycles in both the groups (45 and 43 patients receiving AC and AD, respectively). Despite prophylactic antibiotics in the AD arm, episodes of grade 3/4 infection occurred more frequently in the AD arm (57 vs. 19).
Dose reduction was necessary with 19 (1.9%) cycles of AC in 9 patients, and 150 (15%) cycles of AD in 47 patients. In contrast, dose delay was necessary with 97 (9.8%) cycles of AC in 54 patients, but with only 45 (4.5%) cycles of AD in 26 patients. However, the dose intensity of each regimen, relative to the planned doses and schedules, was similar in both treatment arms (AC = 88%, AD = 86%).
Relapse and survival
With a median follow-up of 99 months, 87/181 (48%) and 76/182 (42%) of patients, treated with AC and AD, respectively, have relapsed and 71/181 (39%) and 60/182 (33%) have died from breast cancer. Of the 226 patients alive at the time of this analysis, all but 5 (1 AC, 4 AD) had follow-up information for 5 or more years. There was no significant difference in the DFS between the two groups (P = 0.20): the 5-year DFS for AC is 54% (95% CI 46-61%), and for AD is 59% (95% CI 51-66%) (Fig. 1) . There was also no significant difference in the rates of relapse at local and/or distant sites between AC and AD ( Table 2) .
At the time of this analysis, 74 and 63 deaths have been observed in the patients treated with AC and AD, respectively. The 5-year OS is 67% (95% CI 60-74%) for AC and 72% (95% CI 65-78%) for AD. (Fig. 2) There is no significant difference between the two groups for OS (P = 0.24). The cause of death was recorded as being due to metastatic breast cancer in 96% of patients ( Table 2) .
The Kaplan-Meier analysis for nodal status, pCR, and ER confirms a poorer prognosis for those patients who are node positive, ER negative, and for those who did not achieve a pCR (Tables 3, 4) . The Cox regression analysis confirmed that ER and nodal status were independently strongly significant factors for DFS and OS (P \ 0.001), but chemotherapy regimen was not (P = 0.078 for DFS; P = 0.191 for OS).
Discussion
We were the first to report on a randomised controlled trial comparing the simultaneous administration of AD with a recognised, anthracycline-containing, standard chemotherapy regimen as primary chemotherapy in patients with large primary or locally advanced breast cancer. The clinical and pathologic response rates were similar for patients receiving either AC or AD and comparable to some, but not all, similar studies using these drugs as previously discussed [1] . It is well recognised that outcome following primary medical therapy is related to a number of factors, the most important of which are the presence of positive lymph nodes following chemotherapy and pCR of the primary tumour predicting worse and better outcomes, respectively [6, 8, 9, [18] [19] [20] [21] . Our data is consistent with the literature in terms of these prognostic factors. It is therefore not entirely unexpected that, as there were similar rates of node positivity and pCR following AC and AD, the outcome was similar in both the groups. The 5-year DFS and OS are comparable with other studies [22, 23] , particularly as this study group only included patients with tumours of at least 3 cm (median 6 cm). However, it should be noted that this study only had sufficient power to detect differences in outcome of 14% or more between the treatment groups, and we cannot exclude a smaller benefit than the study was powered to detect. Furthermore, our data are consistent with an increase in both disease-free and overall survival of about 5% for AD compared with AC.
The local recurrence rates are high in this study but the patient group consisted of women presenting with locally advanced tumours with a median size of 6 cm and all of whom would have required a mastectomy at presentation.
To further support these findings, a large adjuvant study using the same combinations albeit with a lower dose of docetaxel (60 mg/m 2 ) reported no difference in outcome for the 2,882 patients enrolled in the study after a median follow-up of 79.5 months (E2197 Intergroup Trial) [23] . Furthermore, a meta-analysis of randomised trials using taxane-based combinations as adjuvant or primary medical chemotherapy for early breast cancer was recently published [24] . This meta-analysis included 13 studies (n = 22,903 patients) in which a sensitivity analysis suggested that taxanes given in combination with anthracyclines did not significantly improve OS.
Conversely, there have been several reports on the use of sequential non-cross-resistant chemotherapy; notably, all show an increased pathologic response rate with this approach [22, 25, 26] . For example, in the NSABP B27 study the pCR rate was increased from 13.7% following four courses of AC to 26.1% when an additional 4 cycles of docetaxel were given [25] . Outcome data from this study have been published [22] and recently updated [27] and confirm that patients who achieved a pCR have an improved DFS and OS compared with patients who do not, although for the study group as a whole there was no difference in OS and a trend towards an increased DFS in women who received the taxane prior to surgery as opposed to after. Interestingly, the meta-analysis by De Laurentiis et al. [24] showed that the pooled hazard ratio was 0.83 (95% CI 0.79-0.87; P \ 0.00001) for DFS and 0.85 (95% CI 0.79-0.91; P \ 0.00001) for OS for inclusion of a taxane in the regimen. This meta-analysis, however, did not include the results from the more recently published TACT study comparing a sequential taxanecontaining regimen with a standard anthracyclinecontaining regimen in the adjuvant setting in 4162 women where no disease-free or survival advantage was found after a median follow-up of 62 months [28] . For comparison, the hazard ratios obtained from a Cox regression analysis of this study are 0.79 (95% CI 0.56-1.12; P = 0.18) for DFS and 0.81 (95% CI 0.60-1.09; P = 0.17) for OS.
Balancing DFS and OS advantages from sequential versus concurrent administration with taxanes also needs to take the safety profile into account. The toxicity and dose intensity from this study has been discussed previously [1] , but it should be noted that since our initial publication one study was stopped early because of toxicity in the AD arm using the same doses in an adjuvant setting [29] and another adjuvant study using concurrent anthracyclines and taxanes (TAC vs. FAC), again with the same dose of doxorubicin and docetaxel, was associated with a significant survival advantage (87 vs. 81%, P = 0.008) but with an increased rate of febrile neutropenia in the taxane-containing arm (24.7 vs. 2.5%, P = 0.001) [30] . The Goldstein study was also associated with an increase in grade 3 neutropenia with fever or infection with AD (26 vs. 10%, P \ 0.05) [23] . It is standard practice now to use primary prophylaxis with granulocyte-colony-stimulating factor where the risk of febrile neutropenia is 20% or more [31] ; this will influence the toxicity profiles for current and future regimens.
It is clear that primary chemotherapy can decrease the need for mastectomy and that the pCR can be increased if a non-cross-resistant regimen is given. Thus, AD does appear to offer less of an advantage over AC if the taxane is given concomitantly than if it is given sequentially. Continued evaluation of response rates to particular treatment regimens, including the use of some of the newer targeted therapies, and scheduling will lead to incremental improvements in the pCR and subsequent outcome. As with all aspects of breast cancer, attention is now being paid to defining the value of particular molecular and genetic markers, as well as more sophisticated imaging techniques that will predict for responsiveness as well as non-responsiveness to a variety of novel agents with different mechanisms of action which have been emerging over recent years. Of particular interest is that this approach in terms of interpretation of pathologic response underpins the value of the primary medical setting to provide information more quickly on new approaches and new agents but that larger numbers of patients are required to demonstrate small, but potentially meaningful, improvements in overall survival.
